The study evaluates the performance of ginger in media containing different concentrations of growth regulators. Twenty-eight different treatment combinations of benzylaminopurine (BAP) and naphthalene acetic acid (NAA) incorporated into Murashige and Skoog (MS) medium were evaluated for optimal media composition for ginger micropropagation. The combination of 0.05 mgl -1 NAA and 4.0 mgl -1 BAP gave the highest shoot regeneration rate of 4.25. However, this did not differ significantly (p>0.05) from the result (3.38) from 0.05 mgl -1 NAA and 1.0 mgl -1 BAP. Considering the performance of the shoot tip explants in media and the need to lower the cost of micropropagation, the latter combination (0.05 mgl -1 NAA and 1.0 mgl -1 BAP) with 80 percent explant survival, gave an appropriate concentration of growth regulators in media composition for ginger propagation. This combination also supported root development, and perhaps would eliminate the stage of in vitro rooting.
INTRODUCTION
Ginger (Zingiber officinale Rosc.) is one of the earliest and best known oriental spice crops. It has significant commercial value for its use in various medicinal and culinary preparations.
Ginger is usually propagated vegetatively through underground rhizomes and its multiplication rate is very low (Zheng et al. 2008 , Kavyashree 2009 ). Most crop improvement programmes for ginger have been confined to evaluation and selection of naturally occurring clonal variants. Conventional hybridization programmes have been reported to be ineffective due to rare flowering and poor seed setting. Reports on these techniques to evolve high yielding clones through mutation and polyploid breeding indicate lack of success (Datta and Biswas 1985, Ramachandran and Chandrasekharan 1992) . Furthermore, the seed stock has been threatened by fungal and bacterial diseases which include Pseudomonas solanacearum (bacterial wilt), Fusarium oxysporum (yellow leaf), Pythium aphanidermatum (soft rot), Phyllosticta zingiberi (leaf spot), resulting in crop losses (Rout et al. 2001a , Zheng et al. 2008 , Kavyashree 2009 ). Plant tissue culture, although relatively expensive can significantly enhance the multiplication of disease-free plant materials. However, great care is needed for field establishment of tissue cultureraised plantlets.
In vitro growth and development of plants is largely determined by the composition of the culture medium. Shoot and root formation in culture is mediated by the auxin/cytokinin ratio. Like hormones, these regulators have concentration maxima for promotive and inhibitory effects. They are also expensive and not readily available, particularly in developing countries. Therefore, there is a need to optimize their concentration towards efficient performance of the explants in medium and thus to lower the cost of micropropagation of ginger. This is the basis for the present study.
MATERIALS AND METHODS

Source of explants
Shoot-tip explants were excised from a vigorously growing in vitro shoot culture of ginger (cultivar UG1) obtained from the in vitro gene bank housed at the Biotechnology unit (Plant Tissue Culture Lab) of The National Root Crops Research Institute (NRCRI) Umudike, Abia State Nigeria.
Culture medium MS (Murashige and Skoog 1962) basal culture medium containing 3% sucrose and supplemented with 100 mgl -1 myo-inositol and 100 mgl -1 ascorbic acid was used. Each treatment combination (Table 1 ) was added differently. Agar at 0.7% was used as solidifying agent. The pH of the medium was adjusted to 5.8. A 15 ml aliquot each of the different media was dispensed into culture tubes and autoclaved at 121 °C for 15 min. 
Explants culture
Excised shoot tips were rid of excess leaves under aseptic conditions, seeded singly into culture tubes and maintained at 28 °C±2, 16 h photoperiod supplied by white fluorescent tubes at a photon flux density of 30-50 µmol m -2 s -1 for four weeks on culture shelves. The survival (explants alive) and regeneration/multiplication rate (number of developed shoots per explants) were assessed after four weeks. The experiment was repeated twice with 20 shoot explants per treatment.
Statistical analysis
The data were analysed using analysis of variance (ANOVA) and multiple comparisonleast significant difference (LSD) of the GenStat (DE3) ver. 7.2.
RESULTS AND DISCUSSION
The growth and proliferation of shoots in the different levels of concentration of BAP and NAA after 8 weeks in the culture is shown in Fig. 1 . The percentage survival of shoots ranged from 20-80% (Fig. 2) . The mean shoot regeneration rates are shown on Table 2 . Ginger does not need a growth regulator to survive in vitro (Fig. 2 ) and higher treatment combinations did not translate into better survivability. Although survival of the shoot is a key factor in in-vitro propagation, the relatively high survival rate (80%) recorded with treatment combinations did not translate to higher shoot regeneration rates, as most developed singly or without multiplying. Thus, the choice of any medium for in vitro micropropagation is influenced by the ability of explants to survive and proliferate in the medium.
BAP alone (2.0 mgl -1 ) showed a significant effect with respect to shoot proliferation compared with media containing both growth regulators. However, combinations of both growth regulators gave higher mean shoot regeneration rates. Sharma and Singh (1997) have reported that kinetin (Kn) is a better cytokinin for vegetative bud multiplication than BAP. However, Kavyashree (2009) reported that replacing BAP with Kn and in combination with NAA showed no marked effect on shoot proliferation. Also an earlier report (Balachandran et al. 1990 ) has shown that BAP alone gave a better shoot multiplication than the combination of BAP and Kn in clonal propagation of turmeric and ginger.
The combination 0.05 mgl -1 NAA and 4.0 mgl -1 BAP recorded the highest mean shoot multiplication rate of 4.25. This result is in line with an earlier study by Kavyashree (2009) who reported a 4-fold multiplication rate with BAP at 17.76 µM (4.0 mgl -1 ) after the second subculture. However, this result from the combination of 0.05 mgl -1 NAA and 4.0 mgl -1 BAP did not differ significantly (p>0.05) compared to some other treatment combinations T 3 , T 9 , T 10 , T 14 , T 20 , and T 28 (Table 2) .
Considering performance of the explants and the need to reduce costs in micropropagation, the recommended concentration of growth regulator in media composition was obtained with 0.05 mgl -1 NAA and 1.0 mgl -1 BAP. This medium contains the lowest concentration levels of NAA and BAP, gave a very good survival rate (80%) and approximately a 4-fold mean shoot multiplication rate. Furthermore, this concentration also favours root proliferation, probably eliminating the root stage. Our result is in agreement with other findings that MS basal medium could be supplemented with a low concentration of BAP for vegetative bud multiplication (Hosoki and Sagawa 1977 , Bhagyalakshmi and Singh 1988 , Balachandran et al. 1990 , Rout et al. 2001a , b, Rout et al. 2008 .
BAP (1.0 mgl -1 ) and NAA (0.05 mgl -1 ) have been shown to be an appropriate concentration required in a medium for better performance and low cost micropropagation of ginger. This concentration also supports root formation and this may eliminate the rooting stage in microprogation.
